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the mechanionl prepertiss of golymers in the glasay state and in the brittle
towgh transition region arve of interest to the NAGA. The degradstion meah~
aniem of polymethylmethacrylate, when exposed to Wlitruviolet reilation tan
vaewam, at temperstures in the range of 160° to 220°C, bms been reported by
Melville® to consist of Gepolymerisstion produaing only methylmethecrylate
nonomer., wmmnmmm«dmmmmm
have besn studied by Tovolsky® and Berry’, vespsctively. At the Ames Besearch
Center, smmples of polymethylmethacryiate shest steck were exposed to vltra-
viclet rediation in vacwus at 1007C. This fs the waxtwm useful temperature
for application of this polymer. The volatile produets of this degradation
vare identified, and the changes in mnlecular structure of the exposed
polyner wers chaructarized.

On the basis of Melville's’ observations, ons would expect both an
alteration in surface properties because of the large extinction coefficient
of polymethylwethacrylate at vavelengths below 2700A° and plasticization of
the Lulk polymer due to monomer production.

Of the geverzl mechanieal properties studied at Ames, yield stress
could be measured most sccurately and was the nmost reproducible parameter
which showed o definite effect of the similnted constituents of the space
enviromment. Speeific studies were made, therefore, on the effects of
irrediation dose, surface defects, plasticiszer (monomer) content, strain
rate, and tensile test termperature, on the observed yield stress.



tugples @RM? Plexiglas UV AII shest stock were irradisted st
a yressure of | 6 Sorr with the totel flux svatlable froo & Genersl
Kectric UA-2 FBBIRY vepor lanp. In thess experiments, the output of
this 1amp was Sl ntely equivalent to one solar constast in the
vavelenzth resfy ueeww A. The tempersture of the samples
wes mintatued of {1/ 23% with o grefent wt grester thmn

6%, “Bk viiaralfiilinats produeed Guring this irradistion vers trapped

Thin f1lss £0.r characterising mlecular weight changes at swrfaces
were o¥tained by solvent casting of &llute solutions of Flexigles abest
stook dissolwed in methyl ethyl betone. The viscosity average molecular
weights of these filme wvere determined.

Standerd ABDN-D-63 tensile specimens were cut from 1/32" sheet stock
after irredistion. Tensile tests were performed at various constant strain
rates from 0,0029 ua.s in/in/min. The test mwmam
naintained within +1° snd vas varied over s range from -30° to 90°C.
Atter failure of the specimens, Frotonterogrephis of surfece damege effects
and measurement of crack depths were taken with a metallograph.

Avsorption of methylmethacrylate monomer was induced by heating the
1/32 sampies in o closed container to 76°C, at which point monomer vapor
w5 introduced. The final weight of absorbed monomer was stabllized by
vlaning the exposed samples in a heated vacuum desiccator at their spproxi-
mate glass temperature for 2L howurs.




RESULTS AND DISCUSIION

ate and trace amounts of moisture were obtained
from semples L9 oted at 100°¢, in agresment with Melville's observation

at higher te . 28, A change in viscosity average moleoular weight
from 3.16 x 1d Wsexloh'mohnrvduthlunﬁmumm
under the same ons. This meleculexr weight includes the monomer

is charagteristic of the molecular structure of
k specimens.

Typical m.in yield stress as a function of Lrradiation time
at constant ultrevigliel flux and at three different strain rates are gives
in figure 1. mnﬂmmummmuma‘cmm;a-
cresse of as much as 20 percent.

Surface defects and plasticisstion resulting from monomer production
vere iavestigated separately to dstermine the contribution of each to the
observed decrease in yield stress.

A section of a sample which was irradiated for six hours and tested
at 2.9 in/in/min at 22°C 1s shown in figure 2. The crater and surrounding
surface ripples are believed to be produced by buckling of the swrface due
to stress caused by an increase in specific wvolume iz the surface. This
surface volume changs 15 consistent with our observation of the decrease
in molecular weight of the thin films.

able ot the time of the bhuckling to expel

& particle from the surface. Arver the entire surface is buckled, no more
craoters are formed. 1In figure 2, the failure plane indiecated by the bound-
ary pebween the two halves of the specimen is normal to the principle stress.
The failure crack propegates from the rim of the crater to the edge of the
specimen. &Similar ipitial crack sites are ovserved in all specimens tested
st 22°C or at lower temperatures.,




Jpos dacroase =fter six hours of mxposure, vhich amounts
Sl pareent as shomm in figwre 1, iz concwrrent with the

Biponters which have an svernge @epth of 0.00M {n. Tis
v S sixilar etrain rates and an indyced ermck of the sawe

oulk site in the necked dwm region of s spocimen irradi-
= ) testod ot 70°C at 0.6029 1w/infuin 1s shown o

figure 3. The YU and consequant fallure is sinilar to the Lusdars

line phesossns in Qgile metals. These lines follov the narrov suwrfese

hce et 442 mot increase crater dapth. Illu,
mwmﬁmmwmmumm&
parceat pear hour of the eMigimml yield stress may de attributed to changes
in molsoular structure of the bdulk polymer.

In figure A, the changes iu the observed yield stress for fowr &ifferent
strain retss at 22°C are given as & fumction of weight fraction of monomer
induced by absorption. 7The decrease in yield stress is essentially linear
vith iperessing monowsr coptent t0 & weight fraction of wonomer of about
0.10, at whtch concenmtration the yleld stresc is decreased Ly 30 percent.

In figure 5, it is shown that the steady state yield strens decrease
in the irradiated specimens corresponds to an incresse in the weight
fraction of monomer of 0.000L/hr. Thersfors, +the steady stote dscrease
in yileld stress mey be caused by plesticization due to an increasing amount
of trupped monomer. In figure 5, the difference in yield stress between the
dughed snd s0lid lines 1s thought to be due to surface changes.

Ag part of the study of the effect of strain rate and tempersture on
yield stress, it was found thit the yield stresses, when plotted as a
function of struin rute and temperature, could be shifted parallal to the



strain rate axis in aithar divection to become components of a "master
curve.” This is sinflar in principle to the shifts mis by Tovoledy”

to oomstrust & Ftress Yelaxatics mmster cwrve gud, more resestly, by
u&ﬁuw.rammmmmmm
tranaition teperature. The yppex portion of this master curve is shown
in figuwre 6 and indicates that the wper limit af the yleld stress will
be spproximmtely 19,000 pei. The mster curwa is dowsded et 1%s lower
limit by the fiow stress of the yolymer. It was experimentally wverified
hat the shape of the master cwrve is wnigque regardlssas of irredistion
dose or plasticiser content. The magnitude of the struin ruts shift whieh
mast be spplied %0 the yield stvesses (uirich are mesmured st various temp~
eratures and strain rates) is shewm in Tadle 1 aod figwre 8.

Also inclulad in Tadls 1 and figure 8 are data fros irradiated and
mnomer sbeorption specimans tested st Ames, stress relaxatioa shift mag-
nitudes reported by and shift factors mesasured from tests con-
ducted by Keowiles and Diets’. dberty®, in an analogy vith the behavier
of mstals, foresew that there was an {nterrelation betwesn strain rate
and test teageratiwe. The shape of the shift factor curwe, as shown in
figure 8, sise appoars t0 be wniqw. Preliminary data shows that the
‘ temperature shift fuctor curves for wvarious plasticizer comcentrations

superpose vhan referenced to the glass transition temperature.

If the yield stresses from the master curve are plotted on a semi-~
! log plot, as shown in figure 7, the waristion in yleld stress as a funetion
‘ of strain rate may be spproximated Ly e lins and represented by:

§ ,=Kla(fayr) 1)

-

where

Yield streass pai

Strain rute in/in/min
e = Temerstiuxre snift factor
2 = Plasticizer shift factor
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From figue 8, K = 668 pat and & = 1.8 x 10”7 1n/in/ain for polymethyi-
mythacrylmte (Ploxizlas). S

mmumm.;ammwmunmawum-
mted by a straight line vhich has the egaation
'!_mu.&-a.um!‘e)

(Wﬁa’c)mumm.m-es‘cwmo’c.

The yidld stresces plotted as & Pwnotion of weight frecticn of mongwmr
apd strain rate in figure 9 were wsed to caleulate the mgnitules of the
‘plasticiser shift fastor, /, vitch is plotted 1in figure 10 as & funetion of
welght fraction of woasser. Hote that the stresses in figure 9 40 not ap-~
pear to £it a nmster owrve e precisely as might be expected. This effect
is due %o limttetions ispesed by the experimental technigwe for adding
wonomer to the test apecimens. Figure 10 also contains the curve vhich
shovs the plasticiser shift factor weasured from the dsta of Kmowles &
Diets'. Prom figive 10 the dependenca of the plasticiser shift factor, J ,
on the weight fruction of plasticiner, ¥, may be written as:

(2)

¥ o 10% (3
where
¢ » «33.8 for methyl methacrylate
¢ w =16.67 for &lbutyl phthalate
and
UEw=0.20

Bquations 1 through 3 can, therefore, be used to predict the yield
stress of polymethylmetbacrylate at strain rates which sy mot e vesdily
avallsble or to design for specific yleld stresses. Iquation 1 may De
assumed o Le valid if 1t gives yield giresses in the rusge from 3,000
to 13,000 psi for any combinations of struin rate, temperature and
plasticizer conteats which sre within the limits of =pplicability of

equations 2 and 3.



It is expocted that the foregoing concepts showld be spplicable to
mmmmmmwwmmm
mamwwmmmmmmmm
besn shown by Willimms, landsl, and Ferry! and otbers % sgply to all
elastomers.
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